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[57] ABSTRACT

Disclosed is a boost converter using a stress energy repro-
ducing snubber circuit, the converter comprising a first
inductor connected between one terminal of an input portion
and a first connection point; a first diode connected between
said first connection point and one terminal of an output
portion; and a switching device connected between said first
connection point and the other terminal of said input portion,
the other terminal of said input portion being connected to
the other terminal of said output portion, and further com-
prising a second inductor connected between said first
connection point and an anode of said first diode; a capacitor
connected between said first connection point and a second
connection point; a second dicde having an anode connected
to said second connection point and a cathode connected to
a cathode of said first diode; and a third inductor and a third
diode connected in series between said second connection
point and the other terminal of said input portion, said third
inductor having one terminal connected to said first second
connection point and the other terminal connected to a third
connection point and said third diode having a cathode
connected to said third connection point and an anode
connected to the other terminal of said input portion. The
boost converter is capable of absorbing a stress energy
occurring upon a switching device to be switched and
reducing the absorbed stress energy through an LC reso-
nance circuit. Therefore, an efficiency of the boost converter
can be significantly improved.

3 Claims, 8 Drawing Sheets
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BOOST CONVERTER USING AN ENERGY
REPRODUCING SNUBBER CIRCUIT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a boost converter which
is widely used in a power converting apparatus such as a
rectifier, a battery discharging circuit or the like, and more
particularly to an improved boost converter using a snubber
circuit capable of absorbing a stress energy occurring upon
a switching device therein being switched and reproducing
it through an L.C resonance circuit therein.

2. Description of the Prior Art

A general boost converter, as shown in FIG. 1, comprises
a first inductor 12 connected between one termninal (+) of an
1nput portion V,; for receiving an input signal and a first
connection point P1. a first diode 14 connected between the
first connection point P1 and one terminal (+) of an output
portion V_, and a switching device 13 connected between
the first connection point P1 and the other terminal (—) of the
input portion V,, the other terminal (-) of the input portion
being connected to the other terminal (—) of the output
portion V.

In this boost converter. if the switching device 13 is turned
on, a current signal from the input portion V. is applied to the
switching device 13 through the first inductor 12 and then
fed back to the negative terminal (—) of the input portion V..
Thus. when the switching device 13 is conductive. a loop is
formed which consists of the first inductor 12, the switching
device 13 and the input portion V.. As a result, the magnitude

of the current passing through the first inductor 12 is
increased.

If, however, the switching device 13 is turned off, the
current signal from the input portion V., is applied to an
anode of the first diode 14 through the first inductor 12 and
then fed back to the positive terminal (4+) of the output
portion V_. Thus, when the switching device 13 is not
conductive, a loop is formed which consists of the first
inductor 12, the first diode 14, the output portion V _ and the
input portion V,. As a resulf, the magnitude of the current
from the input portion V. is reduced.

Therefore, in order to control the output of the boost
converter, it i1s necessary to control the ratio of ON/OFF
pulse width occurring when the switching device 13 is
switched. When switched, the switching device 13 suffers
from an excessive stress such as an excessive current stress,
Or an excessive voltage stress. For this reason, the boost
converter needs to have an additional circuit, i.e. a snubber
circuit, so as to reduce the excessive stress caused in the
switching device 13.

FIG. 2 is a circuit diagram of a prior art boost converter
using a snubber circuit, Component elements having similar
functions to the component elements of the general boost
converter (shown in FIG. 1) are indicated by the same
reference numerals, and descriptions thereof are omitted.
The prior art boost converter has the same construction as
that of FIG. 1 except that it further comprises a snubber
circuit. The snubber circuit comprises a second inductor 21
connected between the first connection point P1 and the first
diode 14. a resistor 23 connected between the first connec-
tion point P1 and a second connection point P2, a second
diode 24 connected in parallel to the resistor 23, and a
condenser 22 connected between the second connection

point P2 and the positive terminal (—) of each of the portions
V;and V.
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Turning again to FIG. 1, if the switching device 13 is
turned on while a current passes through the first diode 14,
a very large reverse recovery current flows through the
switching device 13 for a reverse recovery time. Then, due
to the high large reverse recovery current, the switching
device 13 inevitably becomes damaged and also energy loss
of the boost converter is increased. Thus, the boost converter
shown in FIG. 2 further comprises the inductor 21 capable
of suppressing the reverse recovery current owing to the
inductance 21 connected between the first inductance 12 and
the first diode 14.

On the other hand, when the switching device 13 is turned
off, the magnitude of a current flowing through the current
suppressing inductor 21 can be reduced and thereby an
excessive voltage is applied to both terminals of the switch-
ing device 13. Thus, to prevent occurrence of the excessive
voltage at both terminals of the switching device 13, the
boost converter further comprises the resistor 23 and second
diode 24 which are connected in parallel between the points
P1 and P2, and the condenser 22 which is connected
between the second point P2 and the negative terminal (—)
of the output portion V_, as shown in FIG. 2.

As described above, the prior art boost converter shown
in FIG. 2 has the snubber circuit to absorb a stress energy
such as an excessive voltage stress or an excessive current
stress. For example, the current suppressing inductor 21 in
the snubber circuit is capable of absorbing a stress energy
occurring upon the switching device 13 being turned on, and
the condenser 22 is capable of absorbing a stress energy
occurring upon the switching device 13 being turned off.
Also. if the switching device 13 is again turned on, the stress
energy absorbed in the condenser 22 is discharged through
the resistor 23.

However, since the absorbed stress energy in the con-
denser 22 is discharged as a thermal energy through the
resistor 23, there are two problems in the prior art boost
converter using a snubber circuit, one is allowing the total
energy transfer efficiency thereof to be reduced, and the
other is needing an additional circuit for preventing the
discharging thermal energy from negatively affecting the
other circuit elements in the boost converter.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a boost
converter using a snubber circuit which is capable of absorb-
ing stress energy and re-releasing it by an LC resonance
circuit therein.

According to the present invention, the boost converter
comprises a first inductor connected between one terminal of
an input portion for receiving an input signal and a first
connection point, a first diode connected between said first
connection point and one terminal of an output portion, and
a switching device connected between said first connection
point and the other terminal of said input portion, the other
terminal of said input portion being connected to the other
terminal of said output portion. The boost converter further
comprises a second inductor connected between said first
connection point and an anode of said first diode; a capacitor
connected between said first connection point and a second
connection point, for serving as a resonant capacitor; a
second diode having an anode connected to said second
connection point and a cathode connected to a cathode of
said first diode; and a third inductor and a third diode
connected in series between said second connection point
and the other terminal of said input portion, said third
inductor having one terminal connected to said second
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connection point and the other terminal connected to a third
connection point, for serving as a resonant inductor, and said
third diode having a cathode connected to said third con-

nection point and an anode connected to the other terminal
of said input portion.

BRIEF DESCRIPTION OF THE DRAWINGS

This invention may be better understood and its object

will become apparent to those skilled in the art by reference
to the accompanying drawings as follows:

FIG. 1 1is a circuit diagram showing the construction of a
prior art boost converter;

FIG. 2 is a circuit diagram showing the construction of
another prior art boost converter using a snubber circuit;

FIG. 3 is a circuit diagram showing the construction of a
boost converter using a snubber circuit according to the
present invention,;

FIGS. 4A through 4D are circuit diagrams showing the

operations of the boost converter of FIG. 3 when a switching
device embodied therein is turned on;

FIGS. 5A through SE are circuit diagrams showing the

operations of the boost converter of FIG. 3 when the
switching device 1s turned off; and

FIGS. 6A and 6B are graphs showing waveforms of

various operating characteristics of the boost converter of
FI1G. 3.

DESCRIPTION OF THE PREFERRED
EMBODIMENT(S)

FIG. 3 shows the novel boost converter using an energy
reproducing snubber circuit in accordance with the present
invention. In the boost converter, the same components as

those of FIG. 1 are indicated by the same reference numer-
als.

Referring to FIG. 3, the novel boost converter has the
same construction as that of FIG. 1 except that it further
comprises a snubber circuit having a different construction

from the snubber circuit of the prior art boost converter
shown in FIG. 2.

The boost converter according to the present invention, as
shown in FIG. 3. comprises a first inductor 12 connected
between one terminal (+) of an input portion V, for receiving
an input signal and a first connection point P1, a first diode
14 connected between the first connection point P1 and one
terminal (+) of an output portion V. and a switching device
13 connected between the first connection point P1 and the
other terminal (—) of the input portion V., the other terminal
(—) of the mput portion being connected to the other terminal
(—) of the output portion. The boost converter further com-
prises a second inductor 31 connected between the first
connection point P1 and an anode of the first diode 14, a
resonant capacitor 32 connected between the first connection
point P1 and the second connection point P2, a second diode
33 connected between the second connection point P2 and a
cathode of the first diode 14, a third inductor 34 and a third
diode 35 which are connected in series between the second
connection point P2 and the other terminal (—) of the input
portion V,. The third inductor 34 is connected between the
point P2 and the anode of the third diode 35 and serves as
a resonant inductor. For example, the capacitor 32 and the
third inductor 34 constitute an L.C resonance circuit.

Hereinafter, the operation of the boost converter is

described with reference to FIGS. 4A through 4D and FIGS.
SA through SE. In those figures. portions shown in a dotted
line mean that a current does not flow through the dotted
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4

line. FIGS. 4A through 4D show circuit operations when the
switching device 13 of the boost converter is turned on.
Reterring to FIGS. 4A through 4D, if an input signal from
the input portion V, passes through the first 1nduct0r 12, the

second inductor 31 and the first diode 14. an output signal
is generated from the output portion V. At this state, when

the switching device 13 is turned on, a parasitic capacitance
C,, occurring at both terminals of the switching device 13 1s
discharged, as shown in FIG. 4A. The current tiowing

through the first inductor 12 is then divided into first and
second current signals at the first connection point P1. as

shown in FIG. 4B. The first current signal flows through the
second inductor 31 to the first diode 14 to form a first loop,
and the second current signal flows through the switching
device 13 to the terminal (~) of the oufput portion V _ to form
a second loop.

In the first loop, the magnitude of the first current signal
flowing through the second inductor 31 is suddenly lowered,
and a resonance between the resonant capacitor 32 and the
third inductor 34 is started. If the magnitude of the current
signal flowing through the second inductor 31 becomes zero,
the resonance is caused through the resonance circuit con-
sisting of the capacitor 32 and the third inductor 34, as
shown 1n FIG. 4C. As aresult, a sine wave resonance current

flows between resonant capacitor 32 and the third inductor
34.

It a resonance corresponding to a half sine wave cycle is
completed and the resonance current becomes zero, the
charging operation of the resonant capacitor 32 is completed
and then a loop is formed in which a current signal from the
input portion V,; flows through the first inductor 12 to the
switching device 13, as shown in FIG. 4D.

FIGS. SA through SE show circuit operations when the
switching device 13 is turned off.

Reterring to FIG. SA, it the switching device 13 is turned
oft after formation of a loop in which an input signal from
the 1mput portion V., flows through the first inductor 12 and
the switching device 13 and is fed back to the terminal (—)
of the input portion, then V,, the parasitic capacitor C,
formed between both terminals of the switching device 13 is
charged. At this state if the potential of the anode of the
second diode 33 is higher than that of the output portion V ,
the second diode 33 conducts. A loop is formed in which a
current signal from the input V., flows through the first
inductor 12, the first capacitor 32 and the second diode 33.
as shown in FIG. 5B. Thus. a stress energy stored in the
resonant capacitor 32 can be released and provided to the
output portion V.

With reference to FIG. 5C, if a voltage of both terminals
of the switching device 13 is more than that of the output
portion V_ because of voltages charged in the parasitic
capacitor C, and the resonant capacitor 32, the first diode 14
conducts. Then, the magnitude of a current flowing through
the second 1nductor 31 is suddenly increased. If the current
flowing through the second inductor 31 is equal to the
current flowing through the first inductor 31, the second
diode 33 does not conduct and then the parasitic capacitor C,
discharged. as shown in FIG. SD. When the voltage across
the parasitic capacitor C, reaches the voltage of the output
portion V_, a loop is formed in which the input current from
the input portion V, passes through the first inductor 12 and
flows from the second inductor 31 to the first diode 14, as

| shown in FIG. SE.

As described above. in the case that the switching device
33 is turned off, the voltage limiting snubber circuit is .

constituted by the resonant capacitor 32 and the second
diode 33. The voltage V_ of both terminals of the switching

device 13 is given by following expression:
V=V V.2
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where V 1s an output of the output portion V_ and V_1is a
variable voltage of the resonant capacitor 32. The stress
energy, which is charged in the resonant capacitor 32 when
the switching device 13 is turned off, 1s provided to invert
the polarity of the resonant capacitor 32 when the switching
device 13 is turned on. Next, when the switching device 13
is again turned off, the input voltage from the input portion
V,; passes through the first inductor 12 and then flows from
the capacitor 32 to the second diode 33. Therefore, the above
described cycle is continuously repeated in which the stress
energy is reproduced to be provided to the output portion V.

With reference to FIG. 6A, the x-axis in a coordinate
system represents time and the y-axis represents the cuirent.
In FIG. 6A. a solid line (a) shows the waveform of current
flowing through the first inductor 12 in accordance with
turning on/off of the switching device 13, a two-dot broken
line (b) shows the waveform of a current flowing through the
second inductor 31 in accordance with turning on/off of the
switching device 13. and a dotted line (c) shows the wave-
form of a current flowing through the resonant capacitor 32
when the capacitor 32 is charged or discharged in accor-
dance with the switching device 13.

Also, in FIG. 6B, the x-axis in a coordinate system
represents time and. the y-axis therein represents a voltage.
The two-dot broken line (d) shows the waveform of a
voltage between both terminals of the switching device 13,
and the solid line (¢) shows the waveform of a voltage of the
resopant capacitor 32, as shown in FIG. 6B.

As above described according to the present invention,
the snubber circuit, which is embodied in the boost
converter, is capable of absorbing a stress energy occurring
upon a switching device to be switched and the absorbed
stress energy can be reproduced as an output power through
an LC resonance circuit. Therefore, an efficiency of the
boost converter can be significantly improved.

It is understood that various other modifications will be
apparent to and can be readily made by those skilled in the
art without departing from the scope and spirit of this
invention. Accordingly, it is not intended that the scope of
the claims appended hereto be limited to the description as
set forth herein, but rather that the claims be construed as
encompassing all the features of patentable novelty that
reside in the present invention, including all features that
would be treated as equivalents thereof by those skilled in
the art to which this invention pertains.

What is claimed is:

1. A boost converter having a first inductor connected
between one terminal of an input portion for receiving an
input signal and a first connection point, a first diode
connected between said first connection point and one
terminal of an output portion, and a switching device con-
nected between said first connection point and the other
terminal of said input portion, the other terminal of said
input portion being connected to the other terminal of said
output portion, said boost converter comprising:

a second inductor connected between said first connection
point and an anode of said first diode; and

an unswitched resonant portion, comprising

a capacitor connected between said first connection
point and a second connection point, for serving as
a resonant capacitor;

a second diode having an anode connected to said
second connection point and a cathode connected to
a cathode of said first diode; and

a third inductor and a third diode connected in series
between said second connection point and the other
terminal of said input portion, said third inductor
having one terminal connected to said second con-
nection point and a second terminal connected to a
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third connection point, for serving as a resonant
inductor, and said third diode having a cathode
connected to said third conmection point and an
anode connected to the other terminal of said input
portion.

2. A boost converter, comprising:

an input having first and second input terminals;

an output having first and second output terminals, said
second output terminal connected to said second input
terminal;

a first inductor connected between said first input terminal
and a first connection point;

a first diode connected between said first connection point
and said first output terminal, said first diode having a
first orientation relative to said first output terminal;

a second inductor connected between said first connection
point and said first diode;

a switching device connected between said first connec-
tion point and said second input terminai; and

an unswitched resonant portion, comprising

a capacitor connected between said first connection
point and a second connection point;

a second diode connected between said second con-
nection point and said first output terminal, said
second diode having a second orientation relative to
said first output terminal the same as said first
orientation; and

a third inductor and a third diode connected in series
between said second connection point and said sec-
ond input terminal, said third inductor connected
between said second connection point a third con-
nection point, for serving as a resonant inductor, and
said third diode being connected between said third
connection point and said second input terminal.

3. A boost converter, comprising:

an input having first and second input terminals;

an output having first and second output terminals, said
second output terminal connected to said second input
terminal;

a first inductor connected between said first input terminal
and a first connection point;

a first diode connected between said first connection point
and said first output terminal, said first diode having a
first orientation relative to said first output terminal;

a second inductor connected between said first connection
point and said first diode;

a switching device connected between said first connec-
tion point and said second input terminal; and

an unswitched resonant portion, consisting

a capacitor connected between said first connection
point and a second connection point;

a second diode connected between said second con-
nection point and said first output terminal, said
second diode having a second orientation relative to
said first output terminal the same as said first
orientation; and

a third inductor and a third diode connected in series
between said second connection point and said sec-
ond input terminal, said third inductor connected
between said second connection point a third con-
nection point, for serving as a resonant inductor, and
said third diode being connected between said third
connection point and said second input terminal.

C I I TR -



	Front Page
	Drawings
	Specification
	Claims

